RESUMO

Os aditivos são amplamente utilizados em dietas com elevada proporção de concentrado a fim de prevenir distúrbios metabólicos em bovinos. Este estudo foi desenvolvido para avaliar o efeito das diferentes fontes de cálcio, com ou sem monensina sódica na dieta, no controle da acidose ruminal de bovinos
 Nelore, recebendo, de forma abrupta, uma dieta com elevada proporção (92, 3%) 
INTRODUCTION
The increasing proportion of concentrates and extensive use of processed grains in feedlot diets enhance animal performance but increase the occurrence of metabolic disorders such as ruminal acidosis, the most prevalent condition affecting feedlots after respiratory diseases (VASCONCELOS & GALYEAN, 2008) . Feed additives can be used to improve the digestive efficiency of the diet, control fermentation and maintain a stable ruminal pH. The use of additives has been widely studied (STOCK et al., 1995; MENEZES et al., 2006; ELLIS et al., 2012) , and additives are in frequent use; however, the use of some antibiotics such as monensin and salinomycin has been banned by the European Union, intensifying the search for alternatives to decrease the risk of metabolic disorders. The calcareous alga Lithothamnium calcareum is rich in calcium carbonate and magnesium, and it has some trace elements present in varying amounts, such as Fe, Mn, B, Ni, Cu, Zn, Mo, Se and Sr. This alga has highly bioavailable micronutrients in its cell wall, high porosity (>40%) that allows for greater specific surface area (DIAS, 2000) and a good balance among polymorphs (calcite, vaterite, aragonite, dolomite), which maintains bioavailability regardless of pH. Its use in agriculture (SOUZA et al., 2009 ) and animal nutrition has been studied (FARRAN et al., 2003; MELO et al., 2006) , but little is known about its role in the control of ruminal pH in cattle transitioning between diets. Thus, the objective of this study was to evaluate the efficacy of feed additives during the abrupt shift from a diet that is strictly roughage to a high concentrate diet for feedlot cattle and compare the effect of calcium sources in the presence of the antibiotic monensin, which is often added to this type of diet.
MATERIALS AND METHODS
The research was conducted at the Animal Science Department of the Faculty of Animal Science and Food Engineering, Universidade de São Paulo (USP), in Pirassununga, SP. Eight Nellore steers with a body weight of approximately 550±65kg were fitted with ruminal cannulas and were randomly assigned to one of four treatments. Animals were housed in individual stalls that were equipped with feeders and automatic water The study had a total duration of 156 days divided into four 24-day periods (day -3 to day 21); each period was separated by a 20-day interval in which the steers were fed only with hay and mineral salt.
Prior to the beginning of the experiment, the animals received a pure roughage diet ad libitum (Tifton hay) and mineral salt. On the first day (day 1) of the experimental diet, the animals were fed with a base diet (Table 1) containing 92.25% concentrate and 7.75% roughage; this diet was fed daily at seven in the morning. Treatments involved the addition of a calcium source to the concentrate, either limestone (LI) (calcitic limestone, Iguatama, Brazil) or a product derived from calcareous algae (CA) (Top buffer ® Sanphar, Campinas, Brazil), with or without the presence of monensin (MO) (Bovensin ® Phibro, Guarulhos, Brazil). Quantity of LI, CA and MO added was 7.1g kg -1 , 7.4g kg -1 and 30ppm, respectively. All diets were formulated to provide the same amount of calcium (0.17%). The CA is a source of calcium, but it also contains tri-basic copper chloride and magnesium oxide.
Individual intake was adjusted daily to maintain 10% orts. The orts were weighed and sampled daily, and samples were combined at the end of each period and frozen for later analysis. The variation in dry matter intake was calculated for each animal as the difference in consumption between consecutive days following the start of the high concentrate diet.
Ruminal pH was recorded by a data logger (Model T7-1 LRCpH, Dascor, Escondido, CA) inserted into the rumen through the ruminal cannula and programmed to record the pH at five-minute intervals. The pH measurement was performed from the 3 rd day before the diet transition through the 21 st day of feeding the challenge diet. After this time period, the data logger was removed from the rumen, and the data were analyzed to determine the maximum pH, average pH, minimum pH, time below pH 5.2 and 5.6, and area below pH 5.2 and 5.6. The area was calculated by multiplying the absolute value of pH deviations below the permanence time limit (min) for each measure (5.2 and 5.6) and was then converted to units of pH × hours (MOYA et al. 2011) .
Samples of rumen contents were collected from three different positions corresponding to the anterior, posterior and ventral bags, with the aid of a vacuum pump (Marconi MA 058, Piracicaba, Brazil), and were frozen immediately after collection for an analysis of short chain fatty acids, ammonia-N and lactic acid. Samples were collected six hours after feeding at days -3, -1, 1, 2, 4, 7, 14 and 21.
Analysis of short chain fatty acids was conducted via gas chromatography as recommended by ERWIN et al. (1961) . Determination of NH3-N was performed according to the methodology described by CHANEY & MARBACH (1962) , and the total lactic acid concentration was determined by colorimetric analysis according to PRYCE (1969) .
Venous blood samples were collected on day 1 (before diet shift) and on days 2, 8 and 15 (after diet shift). Blood samples were collected two hours after the diet was offered. Immediately after collection, the samples were analyzed using a portable automatic analyzer (iSTAT ® Abbott, Rio de Janeiro, Brazil). For each sample, the pH, carbon dioxide in the plasma bicarbonate, base excess, partial pressure of carbon dioxide, total carbon dioxide, partial pressure of oxygen and oxygen saturation were determined.
Data were analyzed using the mixed procedure for mixed models (SAS ® Inst. Inc., Cary, NC) with all characteristics evaluated as repeated measures within a 4x4 Latin square design with a 2x2 factorial arrangement (calcium source x with/without monensin) and with treatments during four periods. In the statistical model, the calcium source, monensin presence, and the interaction of calcium source vs. presence of monensin were fixed effects, and time (days), period, animal and animal x treatment were random effects. When a significant effect (P<0.05) of the primary factors or interaction was observed, the means were compared using Tukey's test.
RESULTS AND DISCUSSION
There was no interaction between the calcium source and the presence of monensin for dry matter intake, ruminal pH, ammonia-N, lactate and blood variables.
The dry matter intake was not influenced (P=0.607) by the calcium source but was influenced by time (P<0.001); the animals showed a sharp drop in feed intake (from 2% to 1.3% LW) between the third and seventh day (Figure 1 ). This decrease can be explained by the low ruminal pH, which adversely affects the feed intake of animals (DIJKSTRA et al., 2012) .
There was an effect of calcium source on the control of ruminal pH; treatments with CA showed a higher ruminal maximum pH (P=0.029) and mean pH (P=0.039), a shorter amount of time with the ruminal pH below 5.6 (P=0.034) and 5.2 (P=0.002) and a smaller area below pH 5.6 (P=0.014) and 5.2 (P=0.048) compared with the LI treatment ( Table 2 ). The effect of CA on ruminal pH may be related to the slow release of calcium resulting from its polymorphic nature (70% calcite, 1% vaterite, 17% aragonite, and 12% dolomite based on analysis by x-ray diffraction), thereby prolonging its neutralizing action on ruminal pH. A prolonged period of low ruminal pH may affect feed intake and decrease rumination, which could negatively affect animal performance (SCHWARZKOPF-GENSWEIN et al., 2003) . FARRAN et al. (2003) evaluated how the use of sodium bicarbonate, Rumensin and Acid Buf® (a product derived from calcareous algae) affects ruminal characteristics and feed intake of feedlot cattle and found similar results to those reported in this study. It was also observed that animals that received the Acid Buf ® product showed higher maximum, medium and minimum pH values relative to the control, with an increase in the average pH from 5.95 to 6.12. OLIVEIRA et al. (2003) also reported results similar to those found in this study when evaluating the effect of calcium carbonate, limestone or magnesium oxide on the control of ruminal pH of feedlot sheep. They reported higher ruminal pH values for sheep treated with calcium carbonate and attributed this effect to factors not evaluated by their study, such as rumination time, particle size and fiber content of the diet.
The blood pH (P=0.0067) and base excess (P=0.0339) were higher for treatments with CA (Table 3) . Other blood characteristics were not significantly different between treatments.
Base excess refers to the difference between the concentration of the base and concentration of the acid in the intracellular fluid. Both treatments resulted in values within the normal range (0 ± 2mmol L -1 ), but the treatment with the CA resulted in higher values (RADOSTITS et al., 2002) . The effects of CA on blood pH and base excess are most likely related to its composition because CA contains magnesium oxide as well as calcium carbonate, both of which are alkalizing.
There are few studies where the effects of CA on blood characteristics have been evaluated. However, HA et al. (1983) , when assessing buffering effects in lambs fed with a high concentrate diet, reported no effect of treatments on blood lactic acid concentration. WHEELER et al. (1981) also reported no difference in blood pH or bicarbonate when evaluating the effect of calcium levels and baking soda in high concentrate diets for beef cattle.
The addition of monensin did not affect blood characteristics, and these remained within the normal values reported by CARLSO (1997) . According to OWENS et al. (1998) , blood pH is relatively stable because it is regulated by very efficient buffering systems (including bicarbonate, phosphate, hemoglobin, ammonia and proteins). Based on the blood and ruminal characteristics found in our study, there was no metabolic acidosis in either treatment.
Neither the total concentration of short chain fatty acids, nor the acetate: propionate ratio was affected by the calcium source or the presence of monensin; there was also no effect on the concentrations of acetate, propionate, isobutyrate, valerate and lactate (Table 4) . FARRAN et al. (2003) -----------------------------------------------------------------------------Ruminal pH---------------------------------------------------------------------------- Table 3 -Blood characteristics of Nellore cattle fed diets with limestone (LI) or calcareous algae (CA), with or without monensin (MO). also reported no difference in the total concentration of short-chain fatty acids in response to calcium. The source of calcium did not influence the ammonia-N concentration; treatments with CA and LI showed concentrations of 4.29 and 4.34mg dL -1 , respectively. According to SANTOS (2006) , the minimum concentration of ammonia-N for the production of microbial protein in diets with a high proportion of carbohydrate is 3.3 to 8.0mg dL -1 . Both treatments showed values adequate for proper microbial protein production.
According to CHEN & RUSSELL (1989) , monensin reduces the production of ammonia by inhibiting gram positive bacteria (which specialize in ammonia metabolism), but contrary to expectations, monensin increased (P=0.008) the ammonia-N concentration in this study. Treatments with monensin had a mean ammonia-N concentration of 4.69mg dL -1 compared with 3.94mg dl -1 in treatments without monensin. There was an interaction between calcium source and monensin with regard to the concentrations of butyrate and isovalerate. When added to the LI treatment, monensin resulted in a higher average concentration of butyrate (13.69 vs. 11.16mM; P=0.024) and isovalerate (3.48 vs. 2.72mM, P=0.05) compared with the LI treatment without MO (Table 4) . However, when monensin was added to the treatment with CA, the average concentration of butyrate and isovalerate was lower compared with the CA treatment without MO. Although these were significant differences, this interaction had no effect on the overall production of short chain fatty acids in the animal.
Monensin did not affect feed intake (P=0.2042); steers with or without monensin showed an average of 1.78 and 1.74% LW, respectively. Most studies report a reduction in feed intake with diets containing monensin (STOCK et al., 1995; DUFIELD et al., 2012) ; this additive generally increases energy availability of the feed.
All treatments were effective in controlling variables in the rumen during an abrupt transition from a strict roughage diet to a high concentrate diet, and the effects of calcareous algae were similar with or without monensin; calcareous algae, however, was a more effective buffering agent than calcium carbonate. Therefore, the inclusion of calcareous algae is a good alternative to facilitate the abrupt transition to high concentrate diets in Nellore steers. -----------------------------------------------------------------------Short chain fatty acids (mM)-------------------------------------------------------------- 
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